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FOREWORD 


This  Is  the  sixth  In  a  series  of  reports  on  Soviet 
research  reactors.  The  first  three  reports  In  this  series 
(AID  Reports  62-43,  52-127#  and  62-172)  were  prepared  In 
response  to  AID  Work  Assignment  No.  16.  The  fourth  re¬ 
port  (AID  Report  62-197)#  the  fifth  report  (AID  Report  P- 
63-14)#  and  the  present  report  have  been  prepared  In  con¬ 
formance  with  AID  Work  Assignment  No.  31- 

This  report  presents  a  detailed  description  of  six 
Soviet  experimental  reactors  of  the  IRT-2000  type#  viz.: 
the  Moscow  IRT-2000  reactor,  the  Salasplls  IRT-2000 
reactor,  the  Tbilisi  IRT-2000  reactor,  the  Tomsk  IRT-2000 
reactor,  the  Sverdlovsk  IRT-2000  reactor,  and  the  Malyye 
Dubny  iro-2000  reactor.  (The  name  of  each  reactor  Indi¬ 
cates  the  city  In  which  It  Is  located.) 

The  presentation  Includes  background  Information,  de¬ 
sign  features,  reactor  parameters,  and  Information  on  ex¬ 
perimental  facilities  and  experiments  conducted  with  the 
reactors,  together  with  Illustrations  and  diagrams.  The 
report  Is  based  on  Soviet  open  literature  available  at  the 
Aerospace  Information  Division  and  the  Library  of  CongiMB. 
Any  further  Information  concerning  these  reactors  will  be 
published  In  the  form  of  supplements  to  this  report,  as 
soon  as  it  becomes  available. 

A  list  of  the  references  cited  accompanies  the  text. 
Library  of  Congress  call  numbers  are  given  at  the  end  of 
the  source  entry  when  the  source  Is  available  at  the  Li¬ 
brary  of  Congress. 
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THE  IRT-2000  REACTORS 


BACKGROUND 


The  Soviet  IRT-2000  research  reactors  are  pool -type  reac¬ 
tors  using  water  as  moderator,  reflector,  top  shielding,  and 
coolsmt.  They  operate  at  a  maxlmvun  thermal  power  of  2000  kw 
and  a  thermal  neutron  flux  of  3* 2 *10^5  n/cm2*sec.  The  most 
Important  special  feature  of  their  basically  simple  de^ilgn  Is 
the  use  of  an  ejector  for  coolant  circulation.  Most  reactors 
of  this  family  are  equipped  with  11  horizontal  and  a  varying 
number  of  vertical  charnels.  [1] 

The  IRT-2000  reactor  was  originally  designed  and  built 
at  the  Atomic  Energy  Institute,  Academy  of  Sciences  USSR,  as 
the  IRT-1000  reactor.  Startup  of  the  original  reactor  was 
accomplished  on  23  November  1957  [1]  and  Initial  test  runs 
were  completed  In  December  1957  [2].  Results  of  the  Initial 
tests  Indicated  that  slight  modifications  of  the  design  would 
make  It  possible  to  raise  the  power  level  from  1000  kw  to 
2000  kw.  Those  modifications  were  accordingly  made,  and  Jan¬ 
uary  1958  saw  the  successful-  operation  of  the  reactor  at  the 
new  power  level.  It  Is  this  modified  reactor  which  Is  des¬ 
cribed  In  the  following  pages  as  the  Moscow  IRT-2000  Reactor. 
[1] 


Since  all  the  IRT-2000  reactors  described  In  this  report 
are  similar  In  design,  only  one  of  them,  the  Moscow  IRT-2000 
Reactor,  will  be  described  In  detail.  The  presentation  for 
the  other  reactors  will  be  limited  to  design  variants  and  such 
other  Information  as  Is  available  In  the  literature. 


The  Salasplls  lRT-2000  Reactor,  belonging  to  the  Acade¬ 
my  of  Sciences  Latvian  SSR,  was  put  Into  operation  on  9 
October  1961  [3]<  Construction  of. this  reactor  was  begun 
on  26  Nay  i960  [4].  It  went  critical  on  20  July  1962  13) • 

This  reactor,  which  will  serve  the  scientific  communities 
of  the  Lithuanian  SSR  and  the  Estonian  SSR  [4],  Is  des¬ 
cribed  on  pages  20-22  of  this  report. 

The  Tbilisi  IRT-2000  Reactor,  belonging  to  the  Physics 
Institute,  Academy  of  Sciences  Georgian  SSR,  was  put  Into 
operation  on  21  November  1937  [6].  The  reactor  Is  described 
on  pages  23-24  of  this  report. 

The  Tomsk  IRT-2000  Reactor  Is  still  under  construction. 
According  to  source  [7],  the  reactor  was  expected  to  be  com¬ 
pleted  In  1962.  No  further  Information  concerning  this  reac¬ 
tor  Is  available  at  this  time. 

The  Sverdlovsk  IRT-2000  Reactor  [1],  belonging  to  the 
Ural  Branch,  Academy  of  Sciences  USSR,  was  stated  to  be  un¬ 
der  construction  In  1958  [8].  No  further  Information  con¬ 
cerning  this  reactor  Is  available  at  this  time. 

The  Malyye  Dubny  IRT-2000  Reactor,  belonging  to  the  Power 
Institute,  Academy  of  Sciences  Belorussian  SSR,  was  put  Into 
operation  on  28  April  1962  [9].  This  reactor,  which  will 
serve  all  of  the  Institutes  belonging  to  the  Academy  of  Sciences 
Belorussian  SSR,  Is  described  on  pages  27-31  of  this  report. 
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I,  THE  MOSCOW  IRT-2000  REACTOR 


1.  General  Ssnlgn 

•  I 

The  design  and  construction  of  tho  Moscow  IRT-2000  Reac¬ 
tor  were  carried  out  by  I.  P.  Frolov,  V.  M.  Zhigachev,  P.  I. 
Shavrov,  and  others.  Vertical  and  horizontal  cross  sections 
of  the  reactor  are  shown  in  Figs.  3  and  4  (pages  3  and  6).  It 
is  a  pool -type  reactor,  with  the  reactor  core  housed  in  a 
water-filled  aluminum  tank  surrounded  by  concrete  shielding. 
The  water  acts  as  moderator,  reflector,  top -shielding,  and 
coolant.  A  flow  diagram  of  the  reactor  is  given  in  Pig.  6 
(page  9).  [1] 


2.  Construction  Details 


Fuel  Elements  and  Fuel  Assemblies 


Fig.  1.  n.rran;j;caeat  oi'  fuel 

elements  in  fuel  assembly  de¬ 
sign  variants  [1] 

1  -  fuel  element;  2  -  control 
rod;  3  -  fuel  assembly. 


The  fuel  elements 
are  cylindrical,  with  a 
diameter  of  10  mm  and  an 
active  length  of  500  mm. 

Each  fuel  element  consists 
of  a  fuel  rod  made  of  10$t 
enriched  xiranlum  dioxide 
diluted  with  magnesium, 
encased  in  an  aluminvun 
sheath  1  mm  thick.  The 
Xj23  5  content  of  each  fuel 
element  is  8  g.  The  ends 
of  the  fuel  elements  are 
reduced  in  diameter  to  7  mm, 
to  permit  their  attachment 
to  the  spacer  grids  Ih  the 
fuel  assemblies.  Each  f uel  ( 
bly  bontaJns  15  dr  16  fuel  ele¬ 
ments,  and  is  encased  in  a 
housing  0.8  mm  thick.  The 
fuel  assembly  housings  are 
provided  with  windows  to 
facilitate  circulation  of 
the  coolant  and  reduce 
hydraulic  resistance.  Con¬ 
struction  details  of 'fuel 
elements  and  fuel  assemblies 
are  shown  in  Figs.  1  and 
2.  [1] 
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Fig*  2.  Ftiel  eljeneat  and  fuel  assegibl;^  [1] 


Reactor  Core 

The  reactor  core  Is  located  at  the  bottom  of  the  alumi¬ 
num  tank  under  a  layer  of  water  6  m  deep  (FlgSo  3  and  4). 

A  metal  plate  supports  the  fuel  assemblies;  77^  of  its  area 
consists  of  apertures  left  for  the  circulation  of  the 
coolant.  The  apertures  In  the  support  plate  under  the  peri¬ 
pheral  fuel  assemblies  are  provided  with  baffles  for  regulat¬ 
ing  coolant  flow  according  to  the  rate  of  heat  release  In 
the  fuel  assemblies.  The  core  Is  divided  Into  48  cells. 
Twenty-six  of  these  are  loaded  with  fuel  assemblies  at  start¬ 
up;  all  48  are  loaded  by  the -end  of  the  run.  The  empty  cells 

are  loaded  with  graphite  rods  to  secure  a  uniform  neutron 

flux  In  the  horizontal  beeun  tubes,  A  horizontal  cross  section 
of  the  core  Is  shown  In  Pig.  5.  [1] 


Cooling  the  Reactor,  Thermal  Column, 
and  Biological  Shielding 

A  special  feature  of  the  primary  cooling  loop  Is  the  use 
of  an  ejector  to  Improve  coolant  circulation  (see  Pig,  3/. 

Three  centrlfxigal  pumps  In  the  primary  loop,  with  a  total  dis¬ 
charge  head  of  50  ra,  pump  distilled  water  through  the  ejector 
nozzle  at  the  rate  of  I75  m’/hr.  The  ejector  draws  In  addition¬ 
al  water  from  the  tank  at  the  rate  of  365  m’/hr,  glvlnx  a  total 
circulation  of  cooling  water  through  the  core  of  540  m’/hr. 

[Text  resuBftS  on  p.  8.] 
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Figti  3*  Vertical  cross  sectioa  of  tbs  reactor  [1] 

1  -  cere;  2  -  ejector  tUbe  azid  nocsle;  3  -  cooling 
vater  vressure  line;  4  -  cooling  water  suction  line; 

3  -  baffle;  6  -  control  rod  chanzieln;  7  -  bean  tvAw 
plug;  8  -  tube  for  zenoval  of  radloaetlTe  sanples 
and  spant  fuel  elsnents;  9  -  rotating  cantilever  for 
handling  sanples  Inside  tank;  10  -  container  for 
transporting  radioactive  sanples  and  elanenta;  U,  - 
heat  BhieUlng  with  dezasllv  of  6.3  12  >  shield¬ 

ing  with  dutsi^  of  3*1  t/k’;  13  -  ahieUlng  with 
density  of  4.4  tfm}',  34  -  ordinary  concrete;  13  - 
cooling  coils  snbadded  in  the  shielding;  l6  -  alml- 
nen  tank;  17  -  upper  platfoim;  l8  -  container  for 
ranovlng  radioactive  sanplns  and  elanenta;  19  -  axis 
of  beeiL  t  ub  s  VH;  20  -  bean  tidM  ventilation 
duct  header. 
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Fig.  4.  Horlsontal  erosa  aeetion  of  the  reactor  [l] 

1  -  themal  eoluec;  2  -  sectional  shielding  for  theraal 
colun  with  density  of  4*4  t/a’;  3  -  heat  shielding  with 
denai^  of  6.5  i/ea’l  4  -  shielding  with  density  of 
5.1  g/oa’j  5  ■’  ordinary  concrete;  6  >  plug  for  the 
150-m  diaaeter  beaa  tube;  7  -  tank  drain;  1-ZI  -  beaa 
tubes. 


Fig.  5*  Horlsontal  cross  ssetion  of  the  oors  [l] 

AP  -  autoastic  control  rod;  PPj  and  PPj  -  asnual  control 
rods;  A3  -  safstj  rods;  l^K**  central  experiasntal  chan¬ 
nel  23  ■■  in  dlaaeter;  SK**  heaa  tubes;  IflK-  Ionisation 
ohsaber  channels.  1  -  asseabl/  with  fuel  eleaents;  2  - 
graphite  load  in  eaptj  cell;  3  -  lead  shield. 
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The  ejector  decreased  electric  power  consumption  consider¬ 
ably  below  the  level  required  by  a  cooling  loop  operated 
by  centrifugal  pumps  alone.  The  presSxire  head  of  0.9  m  de¬ 
veloped  by  the  ejector  produces  a  flow  velocity  of  2.1  m/sec, 
which  was  found  to  be  fully  adequate  for  heat  removals  Use 
of  the  ejector  also  effected  considerable  savings  In  the  con¬ 
sumption  of  piping  material.  [1] 

In  order  to  reduce  radioactivity  above  the  surface  of 
the  water,  a  baffle  was  Installed  to  increase  the  flow  time 
from  the  core  to  the  surface  of  the  tank  to  about  1  minute 
(see  Pig.  3).  [1] 

Heat  from  the  primary  loop  Is  transferred  to  the  water 
circulating  In  the  secondary  loop  by  means  of  two  tubiilar 
heat  exchangers  (Fig.  6).  The  water  In  the  primary  loop  Is 
purified  In  Ion  exchangers.  Water  circulates  In  the  second¬ 
ary  loop  at  the  rate  of  130  m’/hr,  which  Is  adequate  for 
reactor  power  levels  up  to  2500  kw.  [1] 

The  reactor  has  the  following  maximal  thermal  parameters 

[11: 


Beat  flux  at  surface  of  fuel  elements  4«8*10’  keal^^*hr 

Surface  temperature  of  the  fuel  element  90*C 

Temperature  of  distilled  water  In  the  tank  40*C 

Since  the  core  Is  located  under  6  m  of  water,  the  maxi¬ 
mum  fuel  element  surface  temperature  remains  23^*0  below  the 
boiling  point  of  water.  [1] 

Heat  released  In  the  graphite  of  the  thermal  column  Is 
transferred  to  the  water  of  the  primary  cooling  loop,  which 
not  only  circulates  around  the  outer  surface  of  the  thermal 
column  housing,  but  also  flows  through  the  annular  space  be¬ 
tween  the  thermal  column  and  the  outer  surface  of  the  tube 
surrounding  beam  tube  VII  (see  Pig.  4).  [1] 

The  biological  shield  has  Its  own  cooling  circuit,  con¬ 
sisting  of  carbon  steel  tubes  embedded  In  the  cement.  [1] 


[Text  resuees  on  p.  10.  ] 
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Biological  Shielding 


The  biological  shielding  is  composed  of  an  iron-cement 
combination.  A  mixture  of  70^  alumina  cement  and  30^ 
CaS04*2H20  was  chosen  as  containing  the  maximum  possible 
quantity  of  chemically  bound  water.  A  side  heat  shield, 

0.2  m  thick,  consists  of  a  cement  mixture  with  a  density  of 

6.5  g/cm’  combined  with  sheet  steel  20  mm  thick.  The  sheet 
steel  amovints  to  almost  80^  of  the  total  volume  (1.2  m’) 

of  the  shield.  Behind  the  heat  shield,  which  is  provided 
with  cooling  colls,  there  Is  another,  more  Important  layer 
of  shielding  made  of  reinforced  concrete  with  a  density  of 
5.1  g/cm’.  This  second  layer  of  shielding,  1.6  m  thick  and 

1 . 5  m  high,  contains  steel  bar  reinforcement  amounting  to 
555^  of  Its  total  volume  (I8.4  m’).  Each  cubic  meter  of  this 
shielding  contains  about  190  kg  of  chemically  bound  water. 
The  top  and  bottom  heat  shields,  composed  of  a  mixture  with 
a  density  of  4.I1.  g/cm’,  contain  about  505^  pig  Iron.  Details 
and  arrangement  of  the  biological  shield  and  the  side,  top, 
and  bottom  heat  shields  are  shown  In  Figs.  3  and  4.  [1] 


Radiation  Intensities  directly  behind  the  side  shielding 
at  a  power  level  of  2000  kw  are  as  follows  [1]: 


Oanna  radiation 

Heutron  flux  (all  energies) 

Fast  neutron  flux  (E  >  1  Mev) 

Slew  neutron  flux  (energy  bel<xr  the  cadaliai 
boundary) 


0.016  ^r/see 
5  n/cai**sec 
"I  n/ca*»sec 

-0.8  n/cn**see 


3.  Reactor  Control 

The  control  rods  consist  of  alvunlnum  tubes  filled  with 
boron  carbide  brick  with  a  density  of  I.65  g/cm’.  Separate 
drives  are  provided  for  the  automatic  control  rod  and  the  two 
safety  rods.  The  four  manual  control  rods  are  operated  by 
two  drives.  To  extend  the  neutron  flux  measuring  range,  two 
ionization  chambers  with  coarse  and  fine  compensation  are  used. 
One  of  these,  with  a  background  current  compensation  of  10" 

Is  for  use  at  low  power  levels;  the  other  la  for  high  radia¬ 
tion  intensities.  An  Sb-Be  photoneutron  source  with  an  aver¬ 
age  Intensity  of  10’  n/aec  was  Installed  In  the  core  to  raise 
the  power  of  the  subcrltlcal  reactor.  The  compensating  capa¬ 
city  of  the  control  and  safety  rods,  for  the  Initial  load  of 
24  fuel  cells.  Is  shown  In  Table  1.  The  compensating  capacity 
of  rods  decreases  as  the  fuel  load  Increases.  [1] 
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Table  1*  COBipensstiag  capacity  of  control  and  safety  rods  [1] 


Rod 

Ccmpensating  oapmtty,  Ak*K>"* 

Aubcmatlc  control  rod  (AP) 

1.95 

Ksaual  control  rod  PP  ^ 

1.18 

Manual  control  rod  PP'^ 

0.45 

Manual  control  rod  PP2 

1.95 

Nazmal  control  rod  PP^ 

1.18 

Two  safety  rods  (A3) 

3.30 

4.  Reactor  Physics 

The  minimum  critical  mass  was  experimentally  determined 
for  the  following  conditions:  the  vertical  channels  I90  mm  In 
diameter  were  removed;  all  the  horizontal  beam  tubes  100  mm  In 
diameter  were  filled  with  aluminum  cans  containing  water;  both 
of  the  beeun  tubes  130  mm  In  diameter  and  all  empty  fuel  cells 
were  filled  with  graphite.  The  minimum  critical  mass  was  de- 
tezmlned  under  these  conditions  to  be  equal  to  2.47  4g 
a  little  less  than  the  uranium  content  of  20  fuel  assemblies. 
Under  the  same  conditions  but  without  the  graphite  (l.e.>  using 
water  as  the  reflector)  the  critical  mass  was  determined  to  be 
3.17  icg  which  corresponds  to  the  uranium  content  of  23 

fuel  assemblies.  At  startup^  the  reactor  Is  loaded  with 
3>3  ^  U^’^  (26  fuel  assemblies)  to  maintain  the  excess  reac¬ 
tivity  (dk  =  3.16*10"*)  required  to  compensate  reactor  polslon.- 
Ing.  Toward  the  end  of  the  run  all  48  assemblies  will  be 
loaded.  According  to  calculations  the  average  fuel  bumup  will 
be  205^;  the  final  load  will  be  equal  to  4.9  kg  U®’*,  and  the 
duration  of  the  run  (based  on  continuous  operation  at  an  aver¬ 
age  power  level  of  2000  kw)  will  be  1.2  years.  Experiments 
showed  that  the  beam  tubes  100  mm  In  diameter  shorten  the  reac¬ 
tor  run  very  slightly,  by  only  2^.  [1] 

The  thermal  power  of  the  reactor  Increases  with  the  load 
In  such  a  manner  that  the  maximum  thermal  neutron  flux  re¬ 
mains  almost  unchemged.  The  thermal  neutron  flux  for  a  load 
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of  24  fuel  aBsembllee  (arranged  as  shown  In  Pigs.  5  and  8) 
was  measured  by  the  activation  of  sodium  and  by  the  abso¬ 
lute  computation  of  Induced  activity.  The  results  are  shown 
In  Fig.  7.  The  experiments  showed  that  at  a  thermal  power 
of  1700  kw  and  a  neutron  gas  temperature  of  400”C,  the  maxi¬ 
mum  thermal  neutron  flux  amounts  to  3.2*10^’  n/cm‘*sec.  [1] 


N/Nmax 


Fig.  7.  Distribution  of  aeuttron  dansltles 
along  the  hel£^  of  fuel  assesblles  3—5  [1] 


The  maximum  thermal  neutron  flux  In  the  fuel  elements 
of  each  assembly  were  determined  for  the  same  conditions 
(Pig.  8).  A  volume  coefficient  Ky  *  2,  characterizing  the 
nonuniformity  of  the  neutron  field  In  the  reactor  as  measured 
by  the  activation  of  copper  wires,  was  used  In  the  calcula¬ 
tions.  An  axial  nonuniformity  coefficient  K,  *  1.33«  and  a 
radial  nonuniformity  coefficient  K,  *  were  deteznnlned 
from  the  same  set  of  measurements.  [1] 
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Fig.  8.  WlxImwi  thexml  neutron  flax  in  the  foal 
•iMwnte  of  each  Meeabiy  [1] 

(nanbere  in  eaich  loaded  fuel  cell  indicate  the 
neutron  flux  of  tbe  noet  aetiTt  fuel  eleaeat  in 
that  assaiibly;  the  nail  eireles  indicate  the 
position  of  the  aost  aetiTt  fuel  eleaent  in  the 
aaewibly). 


The  neutron  flux  at  the  exit  frou  the  horizontal  beam 
tubee  100  am  In  diameter  Is  ehown  In  Table  2  [next  page]. 

Variations  In  reactor  reactivity  during  normal  operations 
are  shown  In  Fig.  9.  The  maximum  reactivity  lossdk  amounted 
to  3.6*10-*,  of  which  1.2*10-*  belongs  to  the  "Iodine  pit". 
During  operations  with  Infrequent  shutdowns,  the  maximum  reac¬ 
tivity  loss  due  to  poisoning  Is  Ak  >  2.83*10-^  and  the  Iodine 
pit  has  a  "depth"  of  1.25*10-8.  [1] 

Variations  In  the  thermal  neutron  flux  and  In  the  cad¬ 
mium  ratio  along  the  length  of  the  thermal  column  are  shown 
In  Fig.  10.  [1] 
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Nbla  2.  l«dtbroa  flux  at  axlta  of  horlsontaX  tem 
tubas  (for  eadaltai  ratio  ■  34)  [1] 


Cbannal 

Ho. 

Intanslty  of  resonanoa 
nautron  flux  for  Istb- 
argx  Intarval 

IntansltF  of  neutron 
flux  vith  aaarilas 
balor  oiaiBlua  boandarj 

I 

0.5*10®  n/cn2.8ac 

f 

1*0*10®  n/en®*sae 

n 

0.77*10®  n/cn2*oac 

1.5*10®  n/ai**8ec 

HI 

1.0*10®  n/en®*sae 

2.0*10®  n/ea®*8oo 

iv' 

0*7*10®  n/en®*sae 

1.4*10®  a/cn®*8ae 

i 

V 

p.77*10®  n/on^*sae 

1.5*10®  n/cn^sae 

VI 

1.1*10®  n/ca**8ec 

2.2*10®  n/cn®*8ae 

0*77*10®  n/cn**Bec 

1.5*10®  n/Gn®*sae 

H 

0.65*10®  n/ai^*8ac 

1.3*10®  n/cn®*8ec 

xz 

0.5*10®  n/ai**tac 

1.0*10®  a/an®*see 

T [hrs] 


Fig*  9*  VarlatlOBs  In  raaetor  raaetlrlty 
during  nofmal  oporatloos  [1] 

a  -  daily  variation  in  raaetivitjr  (nautron 
gas  taaparatura,  400°^;  Xa^”  cross  saetion 
taken  aqual  to  2.3*10*  bam). 
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r.i,n/cro**secj 


Fig.  10.  Variations  in  the  theiasl  neutron 
flux  and  the  cadmiiai  ratio  along  the  length 
of  the  thexaal  colunn  [1] 

(neutron  flux  at  exit  of  theznal  coluan  plug 
equals  3.3*107  n/cB^*sec  for  eadaiua  ratio 
of  4000). 


Table  3  (next  page)  shows  experimental  results  concern 
Ing  the  effect  of  the  beam  tubes  on  the  reactivity  obtained 
for  a  load  of  24  fuel  assemblies  (Fig.  5). 


5,  Experimental  Facilities 

The  reactor  Is  equipped  with  a  thermal  column,  nine  horl 
zontal  beam  tubes  100  mm  In  diameter,  and  two  horizontal  beam 
tubes  150  mm  In  diameter  (Figs,  3*  and  5).  The  shortest 
beam  tube  has  a  length  of  2.3  ni.  Beam  tube  VII,  which  Is  In- 
-tended  for  gamma-z*ay  spectroscopy.  Is  shielded  from  the  core 
by  a  lead  plate. 55  mm  thick.  Beam  tube  X,  located  along  the 
axis  of  the  thermal  column.  Is  filled  with  graphite  plugs  dur 
Ing  thermal  neutron  experiments.  A  vertical  channel  23  mm  In 
diameter,  located  In  the  center  of  the  core,  permits  the  maxi 
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mum  neutron  flux  in  the  reactor  to  be  utilized.  There  are 
also  two  vertical  channels  190  mm  In  diameter  and  five  verti¬ 
cal  channels  52  mm  In  diameter  located  In  the  reflector.  [1] 


Table  CbaageB  In  reaetlTlty  [1] 


COOdltiOBS 

dk^lO-* 

Maxinm  effect  of  a  single  horltoOtal 
channel  100  mm  in  diameter 

-5 

Total  effect  of  nine  hoxlsoatal  beam 
tubes  100  me  In  dlasMter 

Effect  of  the  I^Ohbb  beam  tiibe  located 
along  the  axis  of  the  thermal  colcam 

-11 

Effect  of  the  l$0*«m  beam  tUbe  arranged 
perpendicular  to  the  axis  of  the  ther- 
mail  eoliam 

-13 

Increased  reactivity  from  a  single 
fuel  assaably 

+80 

Increased  reactivity  from  one  graphite 
plug 

+40 

In  order  to  minimize  the  escape  of  radioactive  argon 
through  the  ventilating  tube,  thln-walled,  hollow  aluminum 
plugs  were  placed  In  the  beam  tubes,  and  the  vertical  chan¬ 
nels  and  thermal  colvunn  were  hermetically  sealed.  [1] 

Each  beam  tube  can  be  closed  off  with  a  five-section 
beam-tube  plug,  either  manually  or  electrically  actuated. 

The  design  of  the  beam-tube  plug  Is  shown  In  Fig.  11.  The 
section  nearest  the  core  Is  made  of  steel  and  concrete,  and 
the  other  four  of  steel  and  paraffin  wax  containing  ^  boron 
carbide  by  volume. 


[Text  res«M8  on  p.  Id.] 
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6.  SxD«rlmental  Caoabllitiei  and  Sxparlmenta  Conduetad  Vlth 
the  Hoacow  I1g-50W  RaaeFbr  -  - 

A  partial  list  of  experimental  studies  which  may  he  oar> 
rled  out  with  the  reactor  Is  given  below  [1]: 


In  nucleer  phyies; 

Measurement  of  neutron  eroee  seetiona 
Gkuaea-ray  speotroseosy 
leutron  dlffraetioa  experiments 
■xpertments  vith  polarised  neutron  beams 
Studies  ot  the  moderating  properties  of 
TarlouB  mixtures 

In  molecular  physics; 

Studies  of  the  effect  of  radiation  on  solids 
Molecular  neutronoscppy 
Structural  neutronograpby 

In  radlochonietry; 

Radioactivation  analysis 
Studies  of  the  effect  of  radiation  on 
chemical  reactions 
RadiochMlstxy  of  organic  coeqKxmds 

In  biology; 

Radiation  genetics 

Comparative  analysis  of  the  biological  effects 
of  iMutron  and  gSHsa-lrradlaticn 


Some  of  these  studies  are  currently  being  carried  out 
[source  published  In  1959>  — Ed.]«  among  them  the  measure¬ 

ment  of  neutron  cross  sections  by  crystal  spectrometer  and 
mechanical  monochromator,  studies  on  structviral  neutrono- 
graphy  and  radiation  genetics,  and  others.  [1] 

The  Moscow  IRT-2000  Reactor  has  also  been  used  to  Inves¬ 
tigate  the  corrosion  of  metals  In  experiments  reported  by 
A.  V.  Byalobzheskly  and  V.  D.  Val'kov  [reference  10].  The 
behavior  of  Zr — Al,  Zr — Fe,  and  Fe — A1  galvanic  couples  In  a 
0.05  N  solution  of  NaCl  under  a  thermal  neutron  flux  of 
-  2*10^*  n/cm**sec  was  studied.  [10] 
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The  reactor  can  also  be  used  for  the  production  of  radio¬ 
isotopes.  These  ftz'e  prepared  by  Irradiating  chemical  com¬ 
pounds  In  aluminum  containers  30  mm  In  diameter  and  102  mm 
long,  with  walls  1  mm  thick.  One  assembly  consists  of  l6 
such  containers.  Up  to  three  fuel  assembly  cells  can  be 
loaded  simultaneously  with  Isotope  production  assemblies. 
Yearly  production  of  the  reactor  for  various  Isotopes  (assum¬ 
ing  the  entire  capacity  of  the  reactor  to  be  devoted  to  the 
production  of  the  Isotope  In  question)  Is  as  follows  [1].: 

Ha**  10*  eu/yr 

S’»  10*  cu/yr 

P’*  6»10*  cu/yr 

Co‘®  10*  cu/yr 

The  following  maximum  specific  activities  are  obtainable  [1]: 

Ha  2*  7  cu/g 

p’*  2  cu/g 

Co^®  5  cu/g 

Au^’*  100  cu/g 
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II.  THB  akUiSfUa  XRT-2000  RXACTOR 


1.  QenT»l  Construction 

-4 

Figure  12  ihowe  a  vertleal  oroaa  aectlon  of  the  Salaapila 
IRT-2000  Reactor.  The  following  featurea  [11]  of  thia  reactor 
repreaent  departurea  from  the  deaign  of  the  Moacow  reactor  dea- 
cribed  above: 


Fig.  12.  Vertleal  eroea  eectloa 
at  the  Saluplls  reaet(»r  [11] 


The  oval  tank  la  2  m 
in  width  and  4.5  m  long. 

The  core,  which  containa 
664  fuel  element a  cm 

long  and  1  cm  in  diameter 
mounted  in  fuel  aaaembliea, 
la  aurrounded  by  a  beryl - 
lliun  oxide  and  graphite 
reflector.  The  dlatilled 
water  coolant  circulatea 
through  the  core  at  the 
rate  of  4OO  m’/hr;  300  m’/hr 
la  circulated  by  the  e;iec- 
tor,  and  the  remaining 
100  m’/hr  by  the  centri¬ 
fugal  pump.  [11] 


>erimental  Facilitlea 


The  reactor  haa  9  hori¬ 
zontal  beam  tubes  with  a 
cross  section  area  of  80  cm^ 
6uul  a  neutron  flux  of 
5.10*  n/cm**sec.  In  addition, 
there  are  seven  vertical 


channels  for  producing  radlo- 
1  -  upper  platfom;  2  -  cover;  active  isotopes  and  Irradlat- 

3  -  container;  4  -  <inloaaiTig  Ing  specimens;  six  of  these 

chute;  3  -  cooling  water  eoetlon  channels  pass  through  the 

line;  6  -  cooling  water  pres-  reflector,  and  the  seventh 

sure  line;  7  -  vertleal  channels;  through  the  reactor  core. 

8  -  core;  9  -  ejector;  10  -  eon-  ^e  neutron  flux  in  the 

crate  shielding;  11  -  neutron  seventh  (central)  channel  is 

beam.  1.2*10^’  n/cm®*8ec.  [11] 

There  is  also  a  special 
channel  for  biological  emd 

chemical  studies,  equipped  with  filters  to  absorb  thermal 
neutrons  and  to  create  a  zone  with  predominantly  fast  neutrons 
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and  a  galllum-lndlum  loop  for  gamma-radlatlon  studies 


Horizontal  team  tube  IX  contains  a  device  designed  by 
K.  Shvarts,  which  for  the  first  time  permits  the  study  of 
changes  of  Ion  crystal  spectra  as  a  function  of  Irradiation 
time.  [12] 


The  Salasplls  reactor  Is  Intended  for  neutron  spectro¬ 
scopy,  and  for  neutron  and  solid  state  physics.  Including 
studies  of  the  effect  of  radiation  on  materials,  the  chemis¬ 
try  of  fission  products,  chemical  reactions  with  radio¬ 
active  Isotopes,  and  the  effect  on  chemical  reactions  of  neu¬ 
tron  and  gamma-radlatlon.  The  radioactive  materials  produced 
will  also  be  used  In  studies  of  the  wear  of  moving  machine 
parts.  Considerable  attention  will  also  be  given  to  biology 
and  medicine.  [11] 

The  following  Institutes  will  participate  In  research 
conducted  with  the  Salasplls  reactor:  the  Institute  of 
Physics  (headed  by  I.  Klrko),  Academy  of  Sciences  Latvian 
SSR;  the  Riga  Polytechnic  Institute;  the  Latvian  State 
University;  the  Academy  of  Agricultural  Sciences  Latvian  SSR; 
and  scientific  research  Institutes  belonging  to  the  Department 
of  Agriculture  Latvian  SSR.  [11] 


3.  Experiments  Conducted  With  the  Salasplls  Reactor 

The  reactor  Is  operated  and  research  work  la  conducted 
under  the  supervision  of  the  Institute  of  Physics,  Academy 
of  Sciences  Latvian  SSR  [11].  Some  of  the  Investigations 
conducted  with  the  Salasplls  reactor  In  the  research  facili¬ 
ties  of  the  Institute  are  described  below: 

E.  Trlnkler  studied  the  effect  of  gamma-radlatlon  on  the 
magnetic  permeability  of  ferrites  at  -195° C;  he  found  that 
ferrites  Irradiated  with  1000  r/sec  exhibit  a  sharp  decrease 
of  Initial  permeability  [12;  13].  I.  Plvavln  studied  optical 
processes  in  alkali -halogen  crystals  [12].  I.  Peltynya  stud.- 
led  diffusion  processes  In  crystals  [12].,  0.  Uplta  studied 

surface  phenomena  In  solids  and  succeeded  in  producing 
surfaces  of  superhlgh  purity  containing  no  atoms  or  mole¬ 
cules  of  other  substances.  In  the  course  of  his  investi¬ 
gations  he  discovered  the  ”self -polishing"  effect.  In  which 
molecules  and  atoms  of  a  solid  body  distribute  themselves 
over  the  surface  to  approach  a  state  of  minimum  free  energy 
[12].  Nuclear  physicists  L.  Pelenkls,  0.  Veveris,  and  Kh, 
Qunne  developed  a  method  of  using  radioactive  krypton  to 
test  the  hermetlzatlon  of  Instruments  [12]. 


The  reactor  has  an  electromagnetic  transporter  which 
delivers  radioactive  specimens  from  the  reactor  to  the 
laboratory  In  a  matter  of  seconds.  The  activation  of  chem¬ 
ical  reactions  can  thus  be  studied  with  Isotopes  having 
half-lives  of  the  order  of  minutes  and  even  seconds.  [12] 

V.  Breslav  developed  a  device  for  meas^lng  the  life¬ 
times  of  atomic  nuclei  of  the  order  of  10“'®  sec  [12]. 

P.  Prokofyev  constructed  an  Improved  beta-spectrograph  and 
an  apparatus  for  polarized  neutrons  [12].  U.  Ul'manls  used 
modern  methods  to  measure  the  neutron  flux  distribution  In 
the  reactor  [12]. 

The  Institute  of  Physics  Is  also  engaged  In  studies  In 
magnet ohydrodynsunlcs  and  plasma  physics.  Riga  Is  considered 
a  special  center  for  magnet ohydrodsniamlc  studies,  and,  next 
to  Moscow,  employs  the  largest  group  of  scientists  In  this 
field.  [12] 

Theoreticians  at  the  Institute  of  Physics  study  the  funda 
mental  processes  of  plasma  formation  by  atomic  collision. 
Veldre,  Damburg,  emd  Peterkop  developed  processes  which  will 
be  used  In  the  first  Soviet  power  plant  equipped  with  magneto- 
hydrodynamic  generators.  [12J 

The  Central  Technical  Design  Office  has  developed  electro 
magnetic  pumps  for  magnesium  and  other  nonferrous  metals.  [12] 

Many  laboratories  will  be  built  In  Salasplls  In  the  next 
few  years.  The  laboratory  for  magnetohydrodfnamlbs  will  use 
sodium  flowing  at  high  Reynolds  nvunbers  for  studying  various 
magnetohydrodynamlc  problems.  Including  some  relevant  to  space 
exploration.  [12] 
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III.  THE  TBILISI  IRT-2000  RE/^CTOR 


1.  General  Design 

The  general  design  of  the  reactor  Is  similar  to  that  of 
the  Moscow  IRT-2000  Reactor.  No  general  views  or  cross  sec¬ 
tion  diagrams  of  this  reactor  are  available. 


2.  Reactor  Control 


^he  reactor  control  system  consists  of  eight  Ionization 
chambers,  two  safety  rods,  four  manual  control  rods,  and  one 
automatic  control  rod.  [I4] 


3.  Experimental  Facilities 

The  reactor  Is  provided  with  10  horizontal  beam  tubes 
and  12  vertical  experimental  channels.  One  of  the  vertical 
channels,  23  mm  In  diameter,  passes  through  the  center  of 
the  core;  nine  vertical  channels  32  mm  In  diameter  and  two 
vertical  chemnels  190  mm  In  diameter  are  located  around  the 
periphery  of  the  core.  [I4] 

In  addition,  the  reactor  Is  equipped  with  a  Oa-In  alloy 
loop  to  extend  Its  research  capability  In  hlgh-lntenslty  gamma- 
radlatlon  fields.  The  principal  flow  diagram  of  this,  loop, 
which  generates  a  geunma  field  of  lo'*  to  10’  g  Ra,  Is  given 
In  Fig.  13.  It  consists  of  the  following  components:  1)  an 
alloy  activity  generator  In  the  foxm  of  a  plate  let  Into  the 
core  In  am  experimental  channel;  the  alloy  circulating 
through  perforations  In  the  plate  Is  activated  by  neutron 
Irradiation;  2)  a  stainless  steel  cylinder  for  gamma-lrradla- 
tlon;  3)  an  electromagnetic  pump;  and  4)  a  magnetic  flowmeter. 
The  design  and  construction  of  the  loop  was  carried  out  by  the 
Physics  Institute,  Academy  of  Sciences  Georgian  SSR,  the  Atomic 
Energy  Institute,  Academy  of  Sciences  USSR,  and  the  Physics 
Institute,  Academy  of  Sciences  Latvian  SSR.  One  of  the  basic 
purposes  of  the  loop  was  to  Investigate  the  effect  of  Irradia¬ 
tion  on  the  corrosion  properties  of  1X18H9T  [AISI-321]  steel, 
specimens  of  which  were  exposed  to  a  total  neutron  dose  of 
0.5  to  0.7*10^®  n/cm^  [15J 
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The  reactor  is  also  equipped  with  various  special  devlpes, 
such  as  a  neutronograph  and  a  neutron  polarizer.  Two  new 
laboratories,  a  radlochemlstry  laboratory  and  a  laboratory 
for  producing  short-lived  Isotopes,  are  under  construction 
at  the  reactor  site.  [l6] 


J- 
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Fig.  13.  Principal  flov  dlagrea  of  the  Qa-In 
loop  of  the  Tbilisi  reactor  [13] 


1  -  reactor  core;  2  >  boron  carbide  pAug;  3  - 
floMneter;  4  -  level  gage;  3  ~  volose  coapen- 
sator;  6  -  gaaaa-raaiatlan  source;  7  -  overflow  container;  8  - 
flltitr;  9  -  channel  tangent  to  reactor  core;  10  -  activity  gen¬ 
erator;  solid  line  -  allogr  circulation  line;  dotted  line  -  argon  ciir- 
culation  line. 


4.  Experiments  Condipted  With  the  Tbilisi  Reactor 

Some  of  the  Investigations  conducted  with  the  Tbilisi 
reactor  are  described  below:  E.  L.  Andronlkashvlll,  N.  0. 
Polltov,  and  L.  P.  Vorozheyklna  Investigated  the  effect  of 
lattice  disturbances  on  the  mechanical  and  optical  properties 
of  KCl  crystals  [I7].  Andronlkashvlll,  Polltov,  and  S.  Sh. 
Oetlya  also  Investigated  the  effect  of  Irradiation  on  the 
structure  and  hardness  of  alkall-hallde  crystals,  e;q>oslng 
the  specimens  In  one  of  the  vertical,  channels  of  the  reactor 
to  a  neutron  flux  of  1.03*10^*  n/cm^.sec  [16].  In  addition, 
some  30  research  studies  have  been  conducted  "over  the  last 
three  years"  [source  published  In  Nov  1962.  —Ed.]  In  the 

fields  of  polymorphism  of  metals  at  low  temperatures,  radia¬ 
tion  cracking  of  hydrocarbons,  nuclear  structure,  and  others 
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IV.  THE  TOMSK  IRT-2000  REACTOR 


The  Tomsk  IRT*2000  Reactor  Is  still  under  constZMictlon. 
When  completed.  It  will  be  the  first  research  reactor  In 
Siberia.  According  to  reference  [19l  the  reactor  was  ex¬ 
pected  to  be  completed  In  1962.  No  details  are  available  at 
this  time. 
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V.  THE  SVERDLOVSK  IRT-2000  REACTOR 


The  Sverdlovsk  IRT-2000  Reactor  [1],  belonging  to  the 
Ural  Branch,  Academy  of  Sciences  USSR,  was  stated  to  be  un¬ 
der  construction  In  1958  [8],  No  further  Information  could 
be  found  at  this  time. 
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VI.  THE  MALYYE  DUBNY  IRT-2000  REACTOR 


1.  General  Design 

The  following  design  features  [9]  of  the  Malyye  Dubny 
IRT-2000  Reactor  represent  departures  from  the  design  of 
the  original  Moscow  reactor:  1)  A  cooling  loop  with  an 
outlet  from  the  reactor  Into  the  reactor  hall  was  hooked  up 
to  the  central  vertical  channel  [9].  2)  A  second  hot  chamber, 

to  accomodate  specimens  with  an  activity  of  1000  cu,  was 
built  Into  the  concrete  of  the  biological  shielding;  It  Is 
equipped  with  a  lead  glass  window  for  visual  observation  and 
a  manipulator  for  handling  specimens  [9l.  3)  A  part  of  the 

operating  and  control  equipment  was  moved  from  the  reactor 
room  to  permit  the  Installation  of  scientific  laboratories 

[9l«  4)  Improved  control  and  safety  systems  were  Installed 

9J<  3)  Core  and  horizontal  beam  tubes  were  modified  to 

adapt  them  for  experimental  purposes  [9]. 


2.  Experimental  Facilities 

The  experimental  facilities  of  the  Malyye  Dubny  reactor 
Include  eight  horizontal  beam  tubes  10  mm  In  dlanfster  and  two 
horizontal  beam  tifees  I30  mm  In  diameter,  nine  vertical  chan¬ 
nels  ranging  from  50  to  180  mm  In  diameter,  and  one  central 
channel  23  nun  In  diameter  [9]. 

The  reactor  Is  also  provided  with  an  experimental  heat 
transfer  loop  for  experiments  with  organic  coolants,  especial¬ 
ly  polyphenyls  [I9].  The  principal  flow  diagram  of  this  ex¬ 
perimental  loop  Is  shown  In  Pig.  I4,  while  Pig.  I5  shows  how 
the  parts  of  the  organic  loop  are  located  In  the  reactor.  In 
the  core  the  loop  was  accommodated  by  replacing  the  four  fuel 
assemblies  surrounding  the  central  channel  with  specially 
designed  assemblies  which  form  a  cylindrical  duct  60  mm  In 
diameter  (see  Pig.  I6,  page  30).  Seven  standard  fuel  elements, 
encased  In  a  steel  tube  of  4O  mm  Inner  diameter,  are  placed 
In  the  center  of  the  duct.  This  tube  Is  encased^  In  another 
steel  tube  of  50  mm  Inner  diameter.  The  heat  exchange  assem¬ 
bly  Is  enclosed  In  a  tube  I.5  m  high  and  60  mm  In  diameter, 
which  forms  an  annular  clearance  2  mm  wide  between  the  heat 
exchange  section  and  the  reactor  pool.  Direction  of  coolant 
flow  Is  from  bottom  to  top  Inside  the  fuel  assembly  and  from 
top to  bottom  In  the  annulus.  The  annulus  can  be  evacuated 
to  provide  thermal  Insulation.  Using  standard  fuel  elements, 
a  heat  flux  of  0.5*10^  kcal/m^*hr  can  be  obtained.  T^e  seven 


-  27  - 


Fig*  14*  Principal  flow  dlagraa  of  the  expaxiaental  organic  heat 
txmastw  loop  of  the  Mai^ye  Diibny  reactor  [19] 

1  -  fuel  asseiibiy;  2  -  separator-ccBpensator;  3  '  naln  haav 
exchanger;  4  -  circulating  p«av>  3  ~  energency  cooler;  6  - 
emergency  pwpe;  7  -  purifier  cooler;  8  -  purifier-vaporiser; 

9  -  purifier  condenser;  10  -  condensate  collector;  11  -  small 
drainage  tank;  12  -  makeup  tank;  13  -  clean  drainage  tank; 
l4  -  eontamlnated  drainage  tank;  13  -  ccapreesed  nitrogen 
tanks;  l6  -  vacuum  pump;  17  -  electric  heater;  18  -  sampling 
cooler;  19  -  e:pperlaental  section  of  loop;  20  -  gas  separator; 

21  -  gas  pressure  regulators;  22  -  cooling  pwp;  23  -  seeond- 
auy  cooling  for  main  pump  bearings* 


elements  have  a  total  thermal  power  of  128  lew*  Coolant  at 
400**C  Is  discharged  from  the  heat  transfer  section  at  the 
rate  of  23  m’/hr*  Calcvilatlons  made  by  the  Atomic  Energy 
Institute,  Academy  of  Sciences  USSR,  showed  that  operation 
of  the  loop  will  decrease  reactor  activity  by  only  1% 

(Fig.  17)*  The  loop  Includes  sections  for  separating  gaseous 
and  polymerized  fractions  and  for  compensating  the  loss  of 
the  withdrawn  gaseous  products  with  nitrogen,  drainage  facili¬ 
ties,  sanqpllng  ports,  puoqps,  and  two  heat  exchangers  for  trans¬ 
ferring  heat  from  the  coolant  to  water*  [19] 


[Text  resumes  on  p*  3^*] 
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Fig.  15*  Cross  ssetion  of  ths  rssetor,  showing  location  of  e( 
of  the  experlaental  organie  loop  [9] 


Fig*  l6.  Loop  chaanel  In 
the  core  of  the  Malyye 
Dubnjr  reactor  [19] 


Fig.  17.  Distribution  of  fast 
and  thermal  neutrons  along  the 
radius  of  the  core  with  and 
without  orgsuolc  loop 
(for  20)t  U***bumup)  (191 


a  -  fast  neutrons;  b  -  thermal 
neutrons;  1  >  with  loop;  2  - 
without  loop. 


3*  Research  To  Be  Conducted  With  the  Loop 

The  experimental  heat  transfer  loop  described  above  will 
make  possible  studies  such  as  those  described  below: 

1)  Decomposition  of  various  coolants  under  Irradiation  and 
high  temperatures,  with  reference  to:  a)  the  dependence  of  the 
rate  of  coolant  decomposition  on  temperature,  radiation  dose. 
Irradiation  time,  and  type  of  coolant  used;  b)  conqposltlon 

and  quantities  of  decomposition  products  (gases  and  nonvolatile 
residue);  and  c)  optimum  operating  temperatures  for  organic 
coolants  [191* 

2)  Heat  transfer  between  fuel  elonents  and  coolant,  to 
Include:  a)  determination  of  the  mean  heat  transfer  coeffici¬ 
ent  along  a  fuel  element;  b)  determination  of  design  relation¬ 
ships;  c)  determination  of  optimum  heat  transfer  for  various 
coolant  types  and  compositions  and  for  various  fuel  element 
designs;  and  d)  heat  transfer  In  a  boiling  organic  fluid  [1^]. 

3)  Tests  of  various  fuel  element  designs  to  obtain  fuel 
element  design  data  for  reactors  using  organic  coolants  [191* 

4)  Corrosive  action  of  organic  coolants  In  contact  with 
various  structural  materials  to  determine  the  feasibility  of 
using  ordinary  unalloyed  steels  and  other  materials  In  reac¬ 
tors  with  organic  coolants  (191* 
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5)  Effect  of  the  loop  on  the  values  of  the  effective 
multiplication  factor  and  the  neutron  distribution  ratio  In 
a  reactor  [19]. 

6)  Study  of  the  performance  of  various  reactor  control 
systems  and  devices  [19]. 

7)  Tests  to  obtain  biological  shielding  design  data  for 
primary  circuits  using  organic  coolants  [19j. 

Preliminary  experiments  In  the  loop  have  been  conducted 
with  monolsopropyldlphenyl  [19]. 

Research  using  this  reactor  will  be  conducted  by  the 
Physics  Institute,  the  Institute  for  Physical -Organic  Chemis¬ 
try,  the  Biology  Institute,  the  Physiology  Institute,  the  De¬ 
partment  of  Solid  State  Physics  and  Semiconductors,  and  the 
Agricultural  Institute,  all  of  the  Academy  of  Sciences  Belo¬ 
russian  SSR;  the  Department  of  Nuclear  Physics,  Beloz*usslan 
State  University  Imenl  V.  I.  Lenin,  will  also  participate  In 
the  reseeu'ch.  [9]. 
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